Input factor reliability may substantially limit a firm's ability to produce in a least-cost manner. These productivity losses may manifest as a change in a firm's decision of what to produce in-house (versus purchase from firms with more reliable inputs), or the level of technical efficiency a firm adopts. We examine these issues by looking at electricity blackouts which affect a firm's production capabilities, especially in developing countries. In particular, this paper examines electricity reliability in China during a period of severe shortages. Starting in 2002, the fast-growing Chinese demand for power, coupled with regulated prices, led to blackouts that varied in degree over space and time. By prioritizing residential and commercial use, regulatory agencies arranged for rolling blackouts of industrial enterprises. We examine how these shortages affected industrial productivity and what the implications were for the environment. Incorporating a measure of electricity reliability into a cost function, we measure the factor-neutral and factor-biased effects of scarcity on productivity. Our data consist of 1340 Chinese energy-consuming industrial enterprises in eleven sectors from 1999-2004. Our results suggest that enterprises re-optimized among the factors in response to electricity scarcity by shifting from energy (both electric and non-electric sources) into materials-a shift from "make" to "buy." We do not find evidence of an increase in self generation as a result of scarcity. The results are robust for alternative scarcity measures and alternative specifications.
Introduction
From the late 1990s through the middle of the 2000s, 26 of the 30 Chinese provinces experienced blackouts associated with resource scarcity issues. The fastgrowing economy was outstripping the growth in new power supply, many energy prices were regulated through price caps, and residential and commercial sectors were given priority. As a result, many industrial companies were affected by blackouts. For example, the Eastern grid (one of the six transmission regions) curtailed over 13,000,000
MWh, or over two percent of load, in 2004 alone; in contrast, the rolling blackouts of California crisis in 2000-2001 curtailed less than one 1000 th that amount.
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Facing reliability issues, firms may change their factor inputs. They may decide to self generate, outsource production of intermediate goods, or improve technical efficiency. They may also experience total factor productivity losses if they must continue with their historic input mix. In this paper, we examine these issues by combining several Chinese datasets with information on facility production, facility energy use, and regional power grid reliability. Our data consist of 1340 Chinese energy-1 Eastern China consumes about 2.5 times more power than California. Data on the level of power curtailed are from personal interviews with China's Eastern Grid Company and the California Public Utilities Commission (http://docs.cpuc.ca.gov/word_pdf/misc/generation+report.pdf accessed June 20, 2008), respectively.
consuming industrial enterprises in eleven sectors from 1999-2004. We estimate a flexible cost function, incorporating a measure of electricity scarcity to test these hypotheses.
Our results suggest that enterprises re-optimize among the factors in response to electricity scarcity. Namely, they shift from energy expenditures (from both electric and non-electric, primary energy sources) into material expenditures. This is consistent with the hypothesis of outsourcing: enterprises in regions where power has become less reliable shift from "make" to "buy" in obtaining intermediate goods. We do not find evidence that electricity scarcity lead to an increase in self generation. The results are robust for alternative scarcity measures and alternative specifications.
This paper relates to several literatures. The first studies incomplete product availability from stock outs. Conlon and Mortimer (2010) note that in markets where goods are perishable, seasonal, or expensive to store-like electricity, or vending machines in their case-stock outs may be common and important features. Conlon and
Mortimer discuss the stock out literature that examines how inventory management can dampen recessions (McCarthy and Zakrajsek, forthcoming) , and affect vertical relationships (Narayanan and Raman, 2004) and price competition (Balachander and Farquhar, 1994) . Firms may respond by smoothing production and storing goods (Abel, 1985) or by contracting with multiple suppliers (Dick, 1992) . In the case of electricity, neither option is applicable as the good cannot be stored and is delivered over a common network. Operations research studies a related literature of supply chain management. services using tinacos storage devices (Baisa, Davis, Salant and Wilcox, forthcoming) .
Unlike water, power is prohibitively expensive to store and firms must respond in other ways. Several papers have studied the economic costs of blackouts, particularly in developing countries. Jyoti, Ozbafli, and Jenkins (2006) review this previous literature.
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Our paper proceeds as follows. Section 2 provides the background on the Chinese blackouts. Section 3 discusses the theory of how factor reliability may change production. In section 4, we lay out the empirical model and discuss the data. Section 5 reports the results. In section 6, we offer concluding remarks.
Background
Over the past few decades, the Chinese power supply sector has experienced a boom-bust cycle. Reform initiated in 1985 led to the transfer of control of electric power generation from the central government to local governments and firms. This provided these energy suppliers with an incentive to invest in new power generation. A rapid increase in the construction of new power plants followed throughout the mid-1990s to the point that there was substantial over-supply of power capacity (OECD/IEA, 2006).
The Chinese government reacted by imposing a moratorium on the construction of new power plants in 1999, which ultimately caused a severe shortage of electric power after 2002 when the demand for electricity-caused by China's construction boom-rose rapidly. Power availability and reliability was further aggravated during this time by unusually hot summers and cold winters, extreme weather events such as snow storms in the mid South, and a shortage in coal supply (Lin et al., 2005; Wang, 2007) .
3 For example, see Munasinghe and Gellerson (1979) , Munasinghe (1979) , Swan (1980) , Bental and Ravid (1982) , Beenstock and Goldin (1997), and Billinton and Wangdee (2005) .
A number of mechanisms were utilized to respond to these shortages. First, pricing tools commonly used elsewhere in the world, such as peak-load pricing, were instituted to smooth the load between peak and off-peak times. But their effectiveness was limited by regulatory control on prices and the slow installation of real-time meters.
Supply-side policies were also implemented in an attempt to expand generation: the National Development and Reform Commission authorized the construction of new power plants and the expansion of the grid system, all backed by favorable financing packages offered through the state-owned banks. However, given the long construction cycle, the effects of these supply-side efforts were not felt immediately. As a result, rationing quota and rolling blackouts were the more widely used mechanism to address these shortages. Planned outages and changes in production schedules were imposed to deal with the shortages, causing some firms to resort to diesel-powered self-generation in response. 4 This led to a 16 percent increase in oil demand in 2004, accounting for 27 percent of the increase in world oil demand in that year (Rosen and Houser, 2007; OECD/IEA, 2006) .
In 2002, China had six main regional grids-Central, East, North, Northeast, Northwest, South-each encompassing several provinces. 5 Within each grid, the transmission of power is frequent and with minimal congestion. However, in the absence of long distance transmission DC lines, the transfer of electric power among grids has been difficult. As a result, in tight markets, provinces are able to provide power to other provinces located within the same regional grid through load management, but the sharing of power across grids to meet peak demand is, in most cases, impossible. level performance indicators are, therefore, a meaningful way to measure the extent of power system reliability, or scarcity, within a region.
The number of provinces reporting power interruptions is also a meaningful indicator to measure system reliability. costs may be incurred due to the need to re-arrange production schedules. Alternatively, firms may choose to self-generate which will require additional capital and diesel purchases. This may particularly be true for industries at the top of the rolling blackouts list. During these periods of shortages, many light industries, such as food processing or textiles, were among the first to face electricity quotas. Many of these enterprises were reported to be working only four days a week or working during off-peak hours (Natural Resources Defense Council, 2003; World Bank, 2005 , Thompson, 2005 .
These shortages have a number of possible environmental implications. Electric power generation in China is almost completely coal-based. Currently, 82 percent of installed generation capacity is fossil-fuel based, of which 97 percent is coal.
Hydropower comprises 15 percent of total installed capacity, while nuclear and other renewables (primarily wind) comprise two percent and less than one percent, respectively. This composition of electric power generation is in stark contrast with other countries; e.g., in the U.S., 49 percent of installed capacity is coal-fired, 20 percent is gasfired, seven percent is hydropower and 19 percent is nuclear, while in India, coal comprises 68 percent of installed capacity, and the share of natural gas, oil, hydropower, and nuclear in installed capacity is 8, 4, 15, and 3 percent, respectively.
Most coal consumed in China (approximately 55 percent) is for electric power generation (OECD/IEA, 2007) . Therefore, the lack of capacity for electricity is likely to result in lower emissions of pollutants related to coal (e.g., sulfur dioxide, nitrogen oxides, particulate matter, and carbon dioxide) than if electricity demand was fully met.
However, the response of firms to self-generate in reaction to these shortages can partly offset these reductions and perhaps exacerbate local environmental problems since these self-generators are less efficient and are more likely to be located (and therefore emitting) in or close to urban areas.
Theory
We define the firm's problem as one of constrained optimization. We assume that a firm's output y is generated by the production function, y=f (k,l,m,e,n; θ ) , where k is capital inputs, l is labor inputs, m is material inputs, e is electricity inputs, n is other energy inputs (such as coal, oil, and natural gas) , and θ is the probability of a blackout 
From Shephard's Lemma, we know:
Assuming a log-linear form of the production function (such as Cobb-Douglas or translog),
we can derive an expression for the value share of factor inputs; i.e.,
Suppose there is some probability, θ >0, that electricity is unreliable. In particular, let ê be the constrained level of electricity associated with periodic blackouts: 0≤ ê <e * . In this constrained case, the cost function is therefore,
where, although the price of electricity enters into the constrained cost function, it does not enter into the firm's marginal decisions as a result of the constraint on electricity availability. For a risk neutral firm, the expected log cost function for producing a given amount y is 
The effect on total factor productivity (TFP) is therefore likely to be negative, resulting in greater costs, as the constraint on electricity limits a firm's choices:
In order to determine the effect of blackouts on the expected value shares, i.e., x x p x vsh c ≡ , we compute the partial derivative of equation (4) 
For the other inputs, the sign depends on whether the input is a substitute for or complement of electricity.
Firms may decide to self-generate electricity once blackouts become more common. This would result in an increase in the firm's use of other energy sources such as diesel oil and greater use of capital. In this case, other energy and capital are substitutes for purchased electricity; e.g.,
Another response to blackouts may be to outsource a portion of production.
Firms may decide to purchase intermediate goods rather than produce these goods from raw materials. In this case, materials would be a substitute for electricity:
In addition, outsourcing could result in less use of labor, capital, and other energy sources in the production of these intermediate goods. For example, a firm requiring steel as an input to production may either purchase the raw inputs (e.g., pig
iron, coal and electricity) to manufacturing the steel in-house or, if electricity is unreliable, the firm may decide to purchase the steel from other producers. In this case, as these other inputs are not longer needed due to outsourcing, these inputs would be complements of electricity.
Finally, firms may respond to the shortage of electricity by improving their overall energy efficiency. This would especially be the case if there were policies promoting energy efficiency at the regional level. In this case, the value share of capital would likely increase while the shares of electricity and other energy inputs would fall.
Four hypotheses emerge from the theoretical discussion above:
I. Decreased Productivity: From equation (7), we expect that blackouts will increase total costs.
II. Self-generation:
One possible response to blackouts would be for the firm to selfgenerate. This would imply a substitution away from electricity toward non-electric energy and capital.
III. Outsourcing:
Another possible response to blackouts would be for the firm to outsource more and thus produce less in-house. This would imply more material use and less use of the other factors of production.
IV. Efficiency: Blackouts are also likely to induce more energy efficiency; therefore, we expect a reduction in both types of energy and an increase in capital.
Empirical Model

Model of Productivity
We examine the productivity response to blackouts by measuring both factorneutral and factor-biased effects. The standard approach to measuring neutral and factorbiased effects involves the estimation of production functions or dual cost functions. The theoretical connection between production or cost functions and factor demands makes this approach fitting for the measurement of factor bias. The choice of whether to use the production function approach or the cost function approach depends on the relevant set of exogeneity assumptions. For the production function formulation -which incorporates quantities of output and inputs -input quantities are assumed to be exogenous, whereas in the cost function formulation input prices are assumed to be exogenous. In highly aggregated data sets, input prices are likely to be endogenous and therefore a production function may be more appropriate. At the firm level, however, choices of factor inputs are likely to be endogenous while factor prices are more likely to be set in the market and therefore plausibly exogenous. Since our data set allows us to impute factor input prices for the individual firms, 7 we use the cost function approach. To test the assumption of price exogeneity, we also use average factors prices-by year, industry, and region, to reestimate our model.
To measure productivity changes, we use a translog cost function which is the most flexible of functional forms. For firm i; input factor j=k,l,m,e,n; industry g; and year t=1999-2004, we estimate the following equation:
7 The data set includes both quantities and values and therefore an average price can be imputed by dividing value by quantity. Therefore, parameter σ measures the factor-neutral effect and j θ the factor-biased effects of scarcity. The null hypothesis is that production is not affected by scarcity either through factor adjustments or by making overall factor neutral changes; i.e., 0 = σ and 0 = j θ .
Because equations (10) and (11) represent a system of equations in which shocks to the factor shares are likely to be correlated across the error structure of the model and to gain efficiency in the estimation, the system is estimated as a seemingly-unrelated regression (SUR). Recall from (4), it j jit C vsh P ∂ = ∂ which implies:
We also assume constant return to scale which implies δ =0 and κ =1. Furthermore, in order to have an invertible disturbance covariance matrix, we drop the value share equation of materials from the estimation. To test the robustness of results, we also drop the value share equation for capital in the estimation, and estimate the model using two alternative scarcity measures described below.
Marginal Effects of Scarcity
Our cost function estimation allows us to compute the marginal and total effects of electricity scarcity on cost and carbon emissions. The calculation of the marginal change in cost due to scarcity is easily obtained from the cost equation (equation (10)); i.e.,
therefore,
The factor neutral effects are captured by the first term, and the emissions factor j π :
The first component, it gt x S ∂ ∂ , can be derived from equation (13) 
Plugging in equation (13),
Re-arranging, we obtain an expression for 
We can, therefore, calculate the change in emissions due to scarcity by applying the emissions factor,π , which converts energy quantities to carbon emissions based on the carbon content of the specific energy type j :
Data
The data set used in this analysis combines an industrial data set provided by Although by combining the first data set with the energy data set we lose a significant number of observations, the combined data set expands our set of factor inputs to a detailed capital, labor, energy, and materials (KLEM) data set and allows us to separate electricity consumption from non-electric energy consumption. By exploring beyond the conventional capital-labor substitution possibilities, we are able to examine the heterogeneity in factor biases from electricity shortages. The inclusion of energy in our data set allows us to explore the effects of electricity shortages on energy use and carbon dioxide emissions. Table 2 compares levels of sales, employment, fixed assets and energy consumption in our sample (i.e., the "KLEM sample") with both total industry and with the full population of 22,000 large and medium-size enterprises. As shown, although our sample represents but one percent of the number of China's industrial enterprises with annual sales in excess of five million yuan (approximately $600,000), within this group, it captures 13 percent of industrial sales, 15 percent of industrial employment, 20 percent of industrial assets, and 40 percent of industrial energy consumption.
The NBS data set classifies enterprises into 37 industrial categories. For the purposes of this analysis, we group the 37 industrial classifications into 12 industry categories and omit the electric power industry. The distribution of the number of enterprises by industry is shown in Table 3 . Not surprisingly, relative to the distribution for the total population of enterprises and for just the LMEs, the energy sample includes high proportions of enterprises in the more energy-intensive industries, including the chemical and electric power industries.
The NBS data set also classifies enterprises into seven ownership classifications, consisting of state-owned enterprises and the six other non-state classifications shown in Table 4 . In 1999, our sample is largely concentrated in the state-owned sector, i.e. 62 percent of total sales in our sample originated with SOEs. This SOE ownership bias in our sample is not surprising, since a large portion of China's energy-intensive enterprises that occupy the capital-intensive sectors are state-owned.
Our energy data set allows us to examine the influence of electricity shortages on self-generation. We construct two variables for this purpose: a self-generation rate variable and a self-generation indicator variable. The self-generation rate variable is defined as the percentage of energy used to generate electricity as a share of its total energy consumption. The self-generation indicator variable takes the value of one if the self-generation rate is positive. Examining the percentage of enterprises that selfgenerate electricity by grid (Figure 2 ), we observe that the Southern Grid has a much higher percentage of enterprises that self generate electricity than any other grids. The percentage of enterprises that self-generate changes only slightly over the years, peaking around year 2002.
Our data set also allows us to compute an enterprise's electricity intensity and the average electricity intensity for each of the eleven sectors. We calculated electricity intensity as a percentage of total energy consumption in standard coal equivalent terms.
Enterprises that are more electricity intensive may respond differently to input unreliability from the less intensive enterprises. Figure 3 shows electricity intensity by sector. Less electricity-intensive sectors include textile, food, machinery, petroleum product, rubber, and timber. The more electricity-intensive group includes chemicals, non-metal products, metal products, mining, and other industries.
The industrial data set is supplemented with data on electricity shortages constructed from information obtained from various issues of the China Electricity
Yearbook. These Yearbooks contain information on electricity generation and capacity from which the scarcity measures are derived. The thermal utilization rate for grid g at time t is an appropriate proxy for shortage, which is derived as: S , is a peak load blackout probability measure which a measure computed when the market is near its capacity limits. The adjustment factor is (1-for) where only forced outage is factored away since scheduled outages are seldom done during peak periods.
Although differences do exist among the three scarcity measures, the trends of these measures are similar. As the market got tighter after 2002, all three measures point to a higher probability of the occurrence of blackouts. These measures were also affirmed by system operators in the Eastern Grid at interviews during field work in
2007.
8 Further, as we map the industrial survey dataset with the electricity dataset geographically, we observe that these energy consuming enterprises are located in the five more prosperous grids. No enterprises are located in the less developed Northwest region.
Our data set comprises annual data and therefore does not allow us to account for the impact of duration, frequency, and timing of the interruptions which may affect the cost of production and the response of the enterprise. The data set does, however, provide us with the necessary information for productivity analysis at the annual level. Table 5 presents the summary statistics of key variables including value shares, input prices, scarcity measures, electricity intensity, and sales cost. Table 6 provides descriptive regressions of the natural log of several key variables (revenue, labor, capital, materials, electricity and nonelectric energy) on the natural log of scarcity, controlling for firm and industry*year fixed effects. Table 7 reports the main results from our estimation of (10) and (11). The first three columns of the main specification differ in their assumption and treatment of the exogeneity of prices and electricity scarcity. Column 1 is the basic SUR result assuming the exogeneity of both scarcity and input prices. Column 2 accounts for the possible endogeneity of scarcity by using heating and cooling degree days as instruments for scarcity. Column 3 instruments input prices using the province-year average. All specifications control for enterprise and year fixed effects. All results are obtained using SUR on the system of equations with the materials equations dropped. But the results remain robust when we dropped the capital equations instead. Results are also robust to the two alternative measure of scarcity.
Results
Cost Functions
From our main SUR regression results, shown in the first column, the coefficient on scarcity suggests that enterprises facing greater possibilities for electricity shortages did not see a significant neutral effect on cost. Therefore, our first hypothesis that scarcity will lead to a negative effect on an enterprise's productivity as a result of the constraint on electricity availability does not hold true. However, these results do suggest that scarcity does have an effect on how enterprises produce; namely, scarcity leads to significant substitutions among the five factor inputs. Scarcity leads to a reduction in the use of labor, electricity and other forms of energy and an increase in the use of capital and materials. For a one standard deviation increase in scarcity, the cost share of materials increases by 1.1 percent while that of non-electricity energy decreases by a similar amount. Capital cost shares increase slightly while labor shares decline modestly with scarcity.
This materials-using effect of scarcity suggests that enterprises are choosing to out-source production rather than to produce in-house, consistent with our third hypothesis. We do not, however, find evidence to support our second hypothesis that electricity blackouts will lead to greater self-generation. While we do see a substitution toward capital use, we do not see a substitution toward other types of energy, in particular diesel oil, which would be consistent with self-generation. To the contrary, we see a significant reduction in non-electric energy that is much larger than the reduction in electricity. This effect on energy overall combined with our capital-using effect is consistent with our last hypothesis which predicts that the threat of blackouts will lead to capital-intensive energy efficiency improvements.
The second column of Table 7 shows the results from our instrumental variables estimation. We find in the first stage, the set of instruments-i.e., heating and cooling degree days as well as their interactions with factor prices-to be strong predictors of scarcity. 9 The second stage of the IV regression is reported in Table 7 and shows that the IV results are quite similar to those of the main SUR model in the first column.
We next repeat the main results using average factor prices-by year, industry
and region-to test whether enterprise-level prices exhibit measurement error. We hypothesize that average prices would be less susceptible to an errors-in-variables problem. As shown in the third column of Table 7 , these results are similar to our main findings, suggesting little of any errors-in-variables problem.
Finally, the last column of Table 7 relaxes the assumption of constant returns to scale using the same econometric methodology as the rest of the table. In other words, output is treated as exogenous given firm fixed effects. We find similar factor bias results. In this specification, the factor neutral effect is large and significantly negative, suggesting that firms reduced costs in response to scarcity. Table 8 reports tests for heterogeneous effects by including an interaction of an index of electricity intensity with the variables of interest. We find that enterprises in low electricity-intensive industries also substitute from labor to capital, as in the main results.
Similarly we find that they use less non-electric energy sources. However, we do not find evidence of an increase in materials by these enterprises. For the enterprises in the 9 A Wald test on the instruments' joint significance for the ln(scarcity) regression, for instance, returns an F-statistic of 882 (p-value < 0.001).
most electricity-intensive industries, we find an even greater increase in capital and a substantial decrease in electricity. However, contrary to the main findings, we see that these enterprises actually decrease expenditures on manufacturing. This may be the result of the lack of available options to outsource by these enterprises. As shown in Figure 3 , the electricity intensive industries, such as mining and metals, may have few options to outsource intermediate products. Therefore, the option to outsource seems greater for enterprises that are less capital-intensive and electricity-intensive. Table 9 reports our results by industry. Given sample limitations, we relax the cost function further and estimate Cobb-Douglass functions for each industry. We find large responses in electricity shares for mining. Outsourcing was large in timber (including paper, pulp, and furnature) and in metal. There were large decreases in other energy shares for most industries: mining, timber, petroleum, chemicals, and metal. Table 10 reports the results by region. Most regions had significant changes in input shares. The north and northeast experienced large drops in other energy shares.
Electricity shares dropped in nearly all regions. Conversely, material shares increased throughout the country.
Self Generation
As discussed above, our results do not support the hypothesis that enterprises will choose to self-generate in reaction to electricity shortages. We explore this further in Table 11 which reports our findings on tests of self-generation. The first column of Table   11 provides results from the estimation of a linear probability model of adoption decisions, using an indicator of self generation as the dependent variable. 10 In our linear probability model with enterprise-level fixed effects, we find that scarcity and scarcity interacted with an indicator of electricity-intensive enterprises are not significant predictors of self-generation. We do find, however, that self-generation is more common when material costs increase. These results suggest that self-generation is more likely when outsourcing is costly. A probit model with enterprise random effects finds qualitatively similar effects.
Columns (3) and (4) of Table 11 examine usage of generation technology by looking at the fraction of electricity that is self-generated. Here we find that enterprises in the least electricity-intensive industries engaged in more self-generation, while those in the more electricity-intensive industries self-generated less. These results may reflect the inability of enterprises in electricity-intensive industries to self-generate enough electricity to meet their needs. Thus, these enterprises are more dependent on electricity from the grid. Tables 12 and 13 examine self generation by industry and by region, respectively.
Nonmetals were the industry most likely to use self supply power. Interestingly, the chemical industry, which may have had better access to scarce electricity during shortages, actually decreases self supply of power when scarcity is highest. We find this controlling for either regional average input prices and own input prices. Regionally, we see the strongest evidence of self supply in the south, but suggestive evidence in the northeast and east.
What are the overall effects of scarcity on production costs and carbon emissions? Tables 14 and 15 provide the results from our calculations of the marginal and total effects of scarcity on cost and emissions. Table 14 provides marginal and total cost figures calculated using sample averages ("average calculation") and at the enterprise-level ("enterprise-level calculation"). The results suggest that electricity scarcities over the period 1999-2004 lead to a small (albeit insignificant) decrease in total cost, driven by neutral effects that are almost completely offset by factor-biased effects. The only significant effect is the positive factor-biased effects on cost, driven mainly by materials.
The shift to materials over this time period had a large positive effect on cost, as enterprises shifted to outsourcing the production of intermediate products.
Finally, Table 15 shows the effect of scarcity on emissions. From our enterpriselevel calculations, electricity scarcities over the years 1999-2004 resulted in 3.4 percent reduction in emissions mainly due to reductions in non-electricity consumption which is primarily coal-based. The average calculation suggests a much smaller marginal emissions of electric power from scarcity, on the order of one percent. This discrepancy between the average calculation and enterprise-level calculation is likely the result of outliers in the energy data. Note that these environmental effects are only for the decreases in electricity and other energy consumption and do not factor in the additional emissions due to outsourcing.
Conclusion
This paper examines how enterprises in China respond to unreliable power supply. We find that between 1999 and 2004, when many grids became less reliable, those enterprises in regions with the least reliable power switched from using electricity to increasing their factor shares of materials, as consistent with outsourcing. We do not find evidence of an increase of self supply. In fact, we find an overall decrease in other non-electricity energy sources, suggesting that these primary energy sources are complementary inputs in producing intermediate products. We also find that enterprises facing higher levels of scarcity became more capital intensive. This, coupled with the decrease in energy use, suggests enterprises may have improved their energy efficiency.
The overall effect of blackouts, which we proxy for with a measure of scarcity, was to increase production costs. From 1999 to 2004, enterprises' costs rose by over three percent due to factor substitution biases. The reduction in demand for electricity and other energy sources, which are primarily coal, resulted in a small decrease in emissions from these facilities (about one percent). However, the net effect on the environment is ambiguous as outsourcing likely increases emissions from other facilities. Note: Standard errors reported in parenthesis with significance denoted at the 1% (***), 5% (**), and 10% (*) level.
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